Current theoretical models of face perception postulate separate routes for processing information needed in the recognition of a familiar face, for matching photographs of unfamiliar faces and for the analysis of facial expressions. The present study investigated this claim in a group of ex-servicemen who had sustained unilateral brain injuries affecting posterior areas of the left or right cerebral hemisphere. Care was taken to confirm the nature of impairment by using two different tasks to assess each of the three theoretically defined abilities (leading to a total of six tasks). We adopted a stringent application of the double dissociation methodology to investigate the pattern of performance across tasks of individual ex-servicemen. A selective impairment was defined as a significantly impoverished performance on both tests of a specific ability, while all other tasks were performed within normal limits. In addition, we used both accuracy and response latency measures to substantiate evidence for spared or defective abilities. The results showed selective impairments of all three abilities on accuracy scores. Response latency data confirmed the finding of a selective deficit in the processing of facial expressions, but produced evidence suggesting that impairments affecting familiar face recognition and unfamiliar face matching were not completely independent from each other in this group of ex-servicemen.
INTRODUCTION
Faces form the source for a multitude of inferences. From a perceived face we are able to determine gender, age and whether we would buy a used car from the person in question. We can assess the emotional state of the person, and by observing the movements of the lips and tongue we gain additional information regarding any verbal message which the speaker is trying to convey. Finally, the face constitutes the principal cue for visual identification of people we know.
Functional models based on evidence from experimental psychology and neuropsychology have proposed that the processes involved in these different abilities are to some extent independent from each other. As an example we take the model of The literature also supports the idea of differences between pathways for the recognition of familiar faces and processing of unfamiliar faces. This was suggested by Warrington and James (1967) from a study of the effects of unilateral cerebral lesions. Later, Benton and Van Allen (1972) reported a case of prosopagnosia in which performance on an unfamiliar face matching task was well within the normal range. Similar findings in prosopagnosic cases were made by Rondot et al. (1967) , Assal (1969) and several subsequent authors. Conversely, patients with unfamiliar face matching impairments often are not clinically prosopagnosic (Tzavaras et al., 1970) . Benton (1980) thus emphasized the independence of impairments affecting familiar face recognition and unfamiliar face matching, and this has been confirmed in subsequent reports by Malone et al. (1982) and McNeil and Warrington (1991) .
The studies we have considered so far provide evidence of dissociable face processing abilities when examining various permutations of two of the three face processing abilities of interest here (facial expression, familiar face recognition and unfamiliar face matching). However, some limited evidence has also been reported when measuring all three abilities in one test session. Parry et al. (1991) tested a group of head-injured patients, using a common forced-choice procedure to examine facial expression recognition, familiar face recognition and unfamiliar face matching. The use of a common general procedure ensured that each task was equivalent in its demands and response requirements. Cases of dissociable impairment affecting only one of the face processing tasks were reported by Parry et al. (1991) , though none of these dissociable impairments was particularly severe in the group of patients investigated.
Taking all of this evidence together, it can be concluded that, although there is substantial support for the existence of dissociable impairments of face processing, there are Limitations which make some of the findings difficult to interpret unequivocally. We will draw attention here to five such problems, which the present study seeks to eliminate.
(i) Limitations of comparisons across different reports
The comparisons needed to establish a double dissociation are often made across single dissociations noted in two separate reports. Thus, one study might describe a patient with normal perception of expression but with problems in identifying familiar faces. A separate report published some years later may then describe the opposite pattern. The problem is that different tests will usually have been used to assess the abilities in question, which makes it difficult to compare the patients directly. This problem is exacerbated when the comparisons concerned do not involve what Shallice (1988) calls 'classical' dissociations. In a classical dissociation, the preserved abilities are within the normal range of performance. Many of the reports in the literature do not meet this ideal, since they describe patients for whom one ability is more obviously impaired than another, but neither ability is demonstrably normal.
(ii) Double dissociations are only double The Bruce and Young (1986) model claims at least three independent functional routes. However, the dissociations on which tiiis proposal is built have often been noted from comparisons of only two abilities. Farah (1991) has drawn attention to the fact that such pairwise comparisons can conceal potentially important associations between what might otherwise be considered separate impairments. Therefore, if one wants to test the theoretical hypothesis of three independent pathways for different types of facial information, the appropriate technique must be to examine dissociations between all three types of ability in the same study.
(iii) The chance that it happened by chance Single case studies have assumed a privileged role in cognitive neuropsychology (Marshall and Newcombe, 1984; Ellis and Young, 1988; Shallice, 1988; McCarthy and Warrington, 1990) because of the emphasis now placed on dissociable impairments. However, it is clear that group studies will continue to be appropriate for answering certain types of question (Newcombe and Marshall, 1988) , but few studies have addressed issues like the size of the group of patients from which a particular case was drawn in relation to the significance levels of the impairment. This problem is not particularly evident in investigations of single cases with severe, stable and long-standing impairment (Shallice, 1979) , but it does arise when striking single case examples are drawn from a group study, as is sometimes done.
(iv) The dangers of equating tests and abilities
In a number of studies a functional deficit has been inferred from the performance on a single test. It is clear, however, that there are a number of reasons, apart from a defect in the hypothesized function, why a patient may fail a certain test (Shallice, 1988) . One way to avoid spurious dissociations created by this problem is to ensure that the different tests used are closely comparable in terms of demands and response requirements (Parry et al., 1991) . Alternatively, one could deliberately choose two very different tests of the same ability, and consider that a brain-injured person is impaired on that ability only if he/she performs poorly on both tests. This is the procedure used here, since we are concerned to establish dissociations between quite broadly specified abilities (such as familiar face recognition, unfamiliar face matching and analysis of expressions). It also has the advantage of addressing point (iii) 'The chance that it happened by chance' (above), since impairment on two different tests of the same ability and on no other tests is a most unlikely chance pattern.
(v) Strategies and trade-offs
This point is well illustrated by the research on preserved unfamiliar face matching skills in patients with face recognition problems. As Newcombe (1979) indicated, patients often apply idiosyncratic strategies to compensate for their matching problem (such as careful use of feature-based comparisons, which has been noted in several of the published reports). They can then reach normal levels of performance on accuracy scores by what may well be abnormal means. Since these alternative strategies tend to be time-consuming, it is possible to control for this problem by measuring response latency as well as accuracy scores. The use of response latencies also allows evaluation of whether brain-injured patients will trade speed for accuracy in tasks which are sensitive to their impaired abilities. The use of idiosyncratic strategies forms an example of the more general possibility of speedaccuracy trade-offs.
The present study was designed to investigate the hypothesis of independent routes for familiar face identification, unfamiliar face matching and expression analysis. In order to avoid the problems raised above, we employed the following procedures. The study by guest on September 13, 2010 brain.oxfordjournals.org Downloaded from was carried out with an unselected group of brain-injured people known to have unilateral missile wound lesions affecting posterior areas of the left or right cerebral hemisphere. Two separate tests using different techniques were used to assess each of the three abilities (i.e. there were two different tests of face identification, two different tests of unfamiliar face matching and two different tests of expression analysis). Where possible, both accuracy and response latencies were taken, so that the possibilities of trade-offs of speed against accuracy and use of unusual but time-consuming strategies could be evaluated. Finally, we made use of an important modification to the concept of double dissociation; that of selective impairment, which was defined as a significantly reduced performance on tests of that ability, but with a normal performance on all tests of the other abilities.
METHODS

Subjects
Ex-servicemen who had sustained a penetrating missile injury to the brain during World War II (32 cases) or subsequent military service (a further two cases) participated in this study. This experimental group is particularly valuable for scientific research because of the well-defined, traumatic lesions incurred at a similar age in what were previously young, healthy brains (Newcombe, 1969) . All of the ex-servicemen were righthanded, and all had suffered injuries leading to unilateral lesions involving the posterior half of the brain, as confirmed by operation reports and/or CT scan. Lesion locations were assessed in terms of side affected (i.e. affecting the left or the right cerebral hemisphere) and site within the hemisphere, on the basis of all available neurological information, which could include autopsy, CT and surgical records for different cases. All men who had suffered further head injury or neurological incident since the initial missile wound were excluded from the investigation.
The main tests reported here were carried out during the years 1983 -1989, as part of a larger investigation of the ex-servicemen's visual and spatial abilities. During this period, ex-servicemen attended the Neuropsychology Unit at the Radcliffe Infirmary to participate in a series of tests spread across sessions lasting two or more days. Some of the ex-servicemen attended for more than one such test series. A set of face processing tasks formed part of this investigation, and the initial set of tasks was added to at later stages, as new tasks were developed for different purposes. The tasks of interest to the present report will be described later, but it is probably useful to note at this point that the face identification ('Faces Line-Up') task, Benton test and sequential matching task formed part of the original set of tasks with which we began the study in 1983, the two expression tasks were added somewhat later and the familiarity decision task later still. All of the tasks included an accuracy measure, and we also collected response latency measurements where possible.
The data presented here are for all of the ex-servicemen with unilateral lesions involving posterior brain areas who had performed all of the six tasks of principal interest at some point during this time period. It is important to note that these data thus relate to ex-servicemen chosen only on the basis that they had unilateral injuries affecting posterior regions of one hemisphere, and that they had completed all of die tasks. There has been no attempt to create matched groups with equivalent left-and right-sided lesions for this report; instead, our aim is to present all the data relevant to considering putative selective impairments in individual ex-servicemen.
Full data were available across the six tasks for 34 ex-servicemen with unilateral posterior lesions. Fifteen ex-servicemen had suffered a right hemisphere lesion, and the remaining 19 had left-sided damage. Thirtytwo healthy subjects who were comparable to the experimental group with respect to age, educational background and general intellectual abilities served as controls. Given the age of the participants (most of the ex-servicemen are now in their 60s and 70s) it was thought prudent to screen all subjects with tests of verbal and non-verbal intelligence, using the Mill Hill Synonyms Test and the Standard Progressive Matrices tests, respectively. Scores fell within normal ranges for the age groups concerned; there was no evidence of generalized intellectual deterioration.
The work received approval from the Central Oxford Research Ethics Committee and all participants gave informed consent.
Tasks
Our intention was to examine impairments affecting the recognition of familiar faces, unfamiliar face matching and the analysis of facial expressions. For each of these abilities, we chose two separate tests which involved different procedures.
Familiar face recognition
We assessed ability to identify highly familiar faces by providing the name or appropriate semantic information, and ability to classify faces as familiar or unfamiliar.
Face identification. This task involved 20 black-and-white slides of highly familiar famous faces, presented one at a time with unlimited exposure duration. These 20 faces were selected from an original item pool of 190 face photographs on the basis of good recognition performance for 12 normal subjects. Correct identification of each face was inferred when the subject was able to give the name or the exact occupation of the bearer of the face, or any other information that would uniquely identify the person.
This task forms part of the Faces Line-Up we have used in single case studies (e.g. Young, et al., 1990; de Haan et al., 1991) . The score used here was the number of faces (out of the possible manimum of 20) successfully identified. Because a certain amount of negotiation and questioning could be needed to establish that a face really had been identified as belonging to a specific person (vague comments like 'something to do with politics' were not accepted), the task could not be timed.
Familiarity decision. The stimuli consisted of 32 black-and-white photographs of faces, 16 familiar and 16 unfamiliar, presented one at a time in a pseudo-random order on back-projected slides. Each face subtended a visual angle of -10°, and appeared on the screen for 4 s. Subjects were instructed to decide as quickly and as accurately as possible whether the face was familiar or not. They made their responses by moving a lever situated at the vertical midline of their body. The lever could be moved away from ('familiar face') or towards the body ('unfamiliar face') in order to signal the two possible responses. Large paper signs marked 'FAMILIAR' and 'UNFAMILIAR' were positioned at each end of the lever's travel to indicate the appropriate direction. At stimulus onset an Electronic Developments timer was started, and this was stopped by trie subject moving the response lever in either direction.
The task began with eight practice trials, after which, reaction times and errors to each of the 32 test faces were noted, allowing the calculation of an overall accuracy score (for the 32 trials) and mean reaction time for correct responses for each subject. For a more detailed description of this task, see Newcombe et al. (1989) .
Unfamiliar face matching
Two separate tests were used to assess efficiency in matching photographs of unfamiliar faces on identity. These were the Benton Test of Facial Recognition, which uses simultaneous presentation of a target and multiple choices, and a sequential matching task in which the target was removed before a single comparison face was presented.
Benton test. This is a well-standardized simultaneous matching task, using unfamiliar faces and a multiplechoice format (Benton et al., 1983) . In the first six trials the identical view to the target face has to be found among five foils. The remaining 16 items require the subject to select three out of six photographs shown simultaneously, as being the same person as shown in the target photograph. These photographs differ from the target in either orientation or in lighting conditions. The Benton test is scored in terms of the total number of items correctly matched. However, because of our concern about the possible use of idiosyncratic strategies or speed-accuracy trade-offs, the time spent on each target item was also recorded by hand with a stopwatch.
Sequential matching task. The second unfamiliar face matching task involved a series of 32 trials in which two slides were presented one after the other for 4 s each, with an inter-stimulus interval of 1 s. The visual angle of the stimuli was ~ 10° for each face. In half of the trials, the two slides were of different people, while in the other half two different views of the same face were shown. The slides were black-and-white photographs of male students' faces, so that age and sex were homogeneous, and members of 'different' pairs were matched to have similar hairstyles. The first slide was always a full-face view, whereas the second by guest on September 13, 2010 brain.oxfordjournals.org Downloaded from slide was a three-quarter view (turned to the left in half the trials, and to the right in the other half). Because the two views shown to subjects differed in orientation, a purely pictorial match would be insufficient for accurate performance (cf. Hay and Young, 1982) ; the task demanded the construction of a more abstract representation of the face, and directed visual processing.
Subjects were instructed to make a 'same person' versus 'different person' decision, and the task began with eight practice trials. They were asked to be as accurate as possible, and the task was not timed. Accuracy scores (out of a possible maximum of 32 correct) were recorded.
Facial expression analysis
Tests which required matching and recognition of emotional facial expressions were used.
Expression matching. A photograph of a target face displaying one of six possible emotions (anger, sadness, happiness, disgust, surprise, fear) had to be matched against four simultaneously presented alternatives (another view of the target emotion, and three distractors selected from the remaining possibilities). All five photographs (target+alternatives) were of faces of five different people of the same sex, taken from the Ekman and Friesen (1976) series. They were mounted in a vertical arrangement on a sheet of paper, with the target face slightly separated from the others at the top of the page, and the four alternative choices in line below it, as described by Gainotti (1989) .
Subjects were asked to point to the face which showed the same expression as the target face, and the task began with four practice trials, followed by 18 experimental trials (three using each of the six emotions as target). A score out of a possible maximum of 18 correct choices was recorded, and response latencies to each target were taken by hand with a stopwatch.
This task was kindly made available to us by Professor Gainotti, Professor Pizzamiglio and Dr Zoccolotti of Rome University, with the consent of their collaborator Professor Paul Ekman of the University of California.
Expression recognition. In the second expression task, subjects were shown a photograph of a face from the Ekman and Friesen (1976) series, displaying one of the six possible emotional expressions (anger, sadness, happiness, disgust, surprise, fear). The names of the six emotions were printed below the photograph in a vertical alignment, with the order of these emotion names randomized across trials. The subject was asked to decide which of the emotion names best described the facial expression shown.
There were six practice trials and 24 experimental trials (four for each of the six emotions), leading to an accuracy score out of a possible maximum of 24 correct choices. Again, response latencies to each target were taken by hand with a stopwatch.
The photographs of facial expressions used as targets in this task were chosen because uiey were all accurately recognized in the norms published by Ekman and Friesen (1976) . Mean accuracies for our chosen targets are: anger = 98%; sadness = 96%; happiness = 100%; disgust = 96%; surprise = 96%; fear = 93%. None of the target photographs had been used as targets in the expression matching task.
RESULTS
Our aim was to identify selective impairments affecting familiar face recognition, unfamiliar face matching and facial expression analysis. There were two separate tests to assess each ability, with accuracy scores for all tests and response latency data available from four of the six tests.
To evaluate the individual performances of the ex-servicemen, means and standard deviations of the control group were calculated for all six tests. These were used to derive cut-offs for scores which differed from the control mean at 0.05 (Z > 1.65), 0.01 (Z > 2.33) and 0.001 (Z > 3.10) levels of statistical significance. A full listing of each exserviceman's scores on each of the measures used is given in Appendix 1.
As Appendix 1 shows, there were quite a number of impaired scores for particular tasks in the group of ex-servicemen. However, there are also a large number of observations tabulated in Appendix 1, so that some of these impairments might arise 'by chance', and we have also already noted that there will be many potential reasons as to why any one person might fail any particular test, since no attempt was made to match the demands and response requirements across the different tasks. Here, though, we are concerned with selective impairments affecting familiar face recognition, unfamiliar face matching or facial expression analysis. We therefore adopted a stringent criterion, in which a selective impairment was inferred only when an ex-serviceman performed with an accuracy significantly below the control mean (at least at a 0.05 level) on both tasks directed at measuring a specific ability, while his performance was within the normal range on all (four) other tests. Here we report data for all of the ex-servicemen who met this criterion, considering the accuracy data first, and then response latencies. We then consider a few other cases with interesting patterns of performance.
Background information for all of the individual cases we discuss is given in Appendix 2, which includes details concerning visual field defects, epilepsy, motor and somatosensory defects, ages, Mill Hill Vocabulary Scale IQs and raw scores on the Standard Progressive Matrices (raw scores are given for this test, rather than IQ equivalents, because of concern that the original published norms may now overestimate performance).
Accuracy data
There were seven ex-servicemen whose pattern of performance met our criteria for selective impairment when their response accuracies were examined. Their performances are summarized in Table 1 , with additional background information in Appendix 2. P.G. was severely impaired at recognizing familiar faces, but his accuracies for matching unfamiliar faces and inferring emotional state from a person's face were normal. Conversely, S.J. was selectively impaired in accuracy of matching unfamiliar faces, while G.M., V.M., W.M., T.R. and A.S. only had problems in processing facial expressions. Hence, using accuracy scores, we found in our group of ex-servicemen at least one example of each of the three possible types of selective impairment, with one man showing impaired recognition of familiar faces, one showing impaired matching of unfamiliar faces and no less than five men showing impaired analysis of facial expressions.
From Table 1 it is also apparent that the man with the selective impairment of face recognition accuracy (P.G.) and the man with the unfamiliar face matching deficit (S.J.) both had right hemisphere lesions. All five patients with a selective expression impairment had left hemisphere damage.
Response latencies
In order to probe more deeply into the nature of the selective deficits found in the accuracy data, we proceeded to examine the response latencies of these seven men. These are summarized in Table 2 . Unfortunately, two of the six tasks we used were untimed 
TABLE 2. MEAN RESPONSE LATENCIES IN SECONDS FOR THE CONTROL GROUP AND THE SEVEN EX-SERVICEMEN WHO HAD SHOWN SELECTIVE DEFICITS OF PERFORMANCE ACCURACY ON FAMILIAR FACE RECOGNITION, UNFAMILIAR FACE MATCHING AND EXPRESSION ANALYSIS TASKS
Mean Standard deviation
Asterisked latencies are significantly below the control mean: *P < 0.05; **P < 0.01; ***P < 0.001.
Familiar face recognition (ftmuliarily decision)
2.3*** 2.3*** (sequential unfamiliar face matching and familiar face identification), but the four tasks that were timed included at least one task to represent each of the three types of face processing ability found to be susceptible to selective impairment of accuracy scores. With regard to the selective deficit in expression analysis, the response times corroborated the accuracy data, with the exception of A.S., who was somewhat slow in his responses to the Benton (unfamiliar face matching) test. However, A.S.'s accuracy on the Benton was significantly above the control mean (Z = 1.88, P < 0.05), suggesting that his increased time was due to his taking extra care with this task, rather than impaired performance per se.
For the other four men with selective impairments of expression analysis on accuracy scores, the response times simply confirmed the picture. This was especially clear for G.M. and W.M., whose response times were also impaired on both expression tasks, but normal for familiar face recognition (familiarity decision task) and unfamiliar face matching (Benton test) . This corresponds exactly to the pattern found in the accuracy data. V.M. was only somewhat slower on the expression matching task, and for T.R. there was no significant increase in response times on any of the tasks. Even so, there was no evidence of any speed-accuracy trade-off affecting T.R.'s performance of expression tasks, since he was neither particularly slow nor particularly fast when performing these. For these four men (G.M., V.M., W.M. and T.R.), then, there is strong evidence of selective impairment in facial expression analysis when the accuracy scores and response latencies are considered together.
This finding of a selective impairment of expression analysis in ex-servicemen with unilateral left hemisphere lesions is initially surprising, since a link between facial expression processing and the right hemisphere has often been noted in other clinical reports. We therefore considered whether it might reflect some form of naming problem. However, one of the expression tasks (facial expression matching) did not require name retrieval at all, and in the other expression task (facial expression recognition) the printed names of the six expressions were always in view, which would minimize the effects of any problem in name retrieval. Moreover, two cases with a specific defect in naming facial expressions have been described elsewhere (Bowers and Heilman, 1984; Rapcsak et al., 1989) , and both of these patients had a right hemisphere lesion. These cases are, however, different from the impairments of expression analysis described here, because they were both reported as being able to match facial expressions but unable to name them. Our ex-servicemen showed a selective impairment of expression analysis which encompassed both matching and choice of the correct label. Table 3 shows data for the naming abilities of cases V.M., A.S., T.R., W.M. and G.M. from our series. It includes notes on the clinical presence of aphasia at the time of injury (1940s) and in the 1980s, details of performance on a standard picture naming task (Newcombe et al., 1971) and verbal fluencies for generating object names (1 min), animal names (1 min) and words beginning with F, A and S (1 min each). Norms for the object names and animal names come from 20 controls from the Radcliffe Infirmary series, those for F, A and S letter fluency come from normal controls reported by Hanley et al. (1990) .
Although all of these cases were noted as having some degree of aphasia when they were injured in the 1940s, one needs to bear in mind that this would apply to most men with left hemisphere lesions; Russell and Espir (1961) noted that only 113 of 348 righthanders with left-sided brain lesions were recorded as not being clinically aphasic. The more important point is that for three of these cases there was no longer any clinical or test evidence of significant naming problems. We can therefore conclude that there are no compelling grounds for linking the selective deficits of expression analysis we observed to aphasic difficulties.
Although we were able to identify these clear cases of selective impairments of expression analysis, the position concerning the men with a selective deficit in accuracy of familiar face recognition and unfamiliar face matching became less clear-cut when their response times were considered. Both men showed significantly long response latencies on the tests which had also demonstrated the impairment on accuracy scores. In addition, however, they showed increased response times elsewhere. Specifically, P.G. (who had shown a selective impairment of familiar face recognition on accuracy scores) was impaired on all tasks where response times were taken, and S.J. (who had shown a selective impairment of accuracy of unfamiliar face matching) was also slow at recognizing familiar faces (face familiarity decision task). In these cases, then, we cannot rule out the possibility that some (S.J.) or even all (P.G.) of the tasks carried out with normal accuracy might have been achieved by diligent application of unusual strategies, or by using defective abilities with extra care (and hence a cost in speed).
Other cases with interesting patterns of performance
There are a few other men listed in Appendix 1 whose pattern of performance seems to us worth considering in more detail. These are R.G., L.H., R.T. and E.W. Further background information on these men is given in Appendix 2.
We have noted that, although P.G. showed a selective impairment of familiar face recognition on accuracy measures (Table 1) , his response times indicated quite widespread problems which also affected unfamiliar face matching and expression analysis (Table 2 ). In fact, there are two further men in the right hemisphere group who would fit this characterization (and none in the left hemisphere group); R.G. and L.H. Both R.G. and L.H. proved to be impaired for nearly every task in terms of either accuracy or response latency. This pattern is consistent with a single locus of impairment affecting a relatively early stage of face processing.
We also noted that despite initial indications pointing to a selective impairment of unfamiliar face matching, S.J. was impaired in terms of accuracy or latency for both familiar face recognition and unfamiliar face matching, but remained unimpaired on the expression analysis tasks (see Tables 1, 2 ). R.T. is interesting because he also shows the same overall pattern of impairment on accuracy or time for all die familiar face recognition and unfamiliar face matching tasks, with preserved processing of facial expressions. This might thus best be considered an impairment affecting the processing of identity of familiar or unfamiliar people from the face. For the sake of completeness, we also mention E. W., who showed impairment of familiar face recognition and expression analysis on accuracy measures, with preserved unfamiliar face matching and no problems for any of the latency measures. DISCUSSION We set out to test the claim, made by most cognitive neuropsychological models of face perception, that the abilities to recognize familiar faces, to match unfamiliar faces and to process facial expressions can be selectively impaired after brain injury. For this purpose, we assessed each of these three abilities in a group of ex-servicemen with unilateral posterior brain lesions, and defined a selective impairment as a significantly reduced performance on more dian one test of that ability, but with a normal performance on all other tests.
For die accuracy scores, there was evidence of selective impairments of each of the three abilities. There was one ex-serviceman with a right hemisphere lesion who demonstrated severe problems in identifying familiar faces only. A second man, also with a right hemisphere lesion, was selectively impaired in accuracy of matching unfamiliar faces. Finally, a number of men with left hemisphere lesions were selectively impaired on the expression tasks.
Subsequent analysis of the response latencies available to four of the six tasks confirmed me suggestion of a selective disorder in the processing of information about facial expressions. Hence we have strong evidence of a selective impairment affecting some aspect of the processing of facial expressions. It is curious, though, diat this finding was made for men with left hemisphere lesions, since a link between racial expression processing and the right hemisphere has often been noted in other clinical reports.
The resolution of this discrepancy may lie in die nature of die issues investigated. The evidence for right hemisphere involvement in expression processing is usually in the form of findings of greater impairments on specific expression tests after right than left hemisphere injury. But uiis is not me issue addressed by our data, which are directed toward questions of selective impairment of broadly specified abilities. There were indeed ex-servicemen in our group who had difficulties in die analysis of expressions after a right hemisphere lesion, but these impairments were eidier found for one of the expression tasks and not die odier (and especially for die expression matching task; see Appendix 1), or the men had additional face processing impairments on tasks diat did not involve expression analysis. Therefore, we are not seeking to question die link between die right hemisphere and die processing of racial expression information, which has been established in numerous studies [see Etcoff (1986) , for a review]. It does appear, however, that wim our very strict criteria a selective impairment affecting both of me tasks which we used to measure diis ability is only found in our group after a left-sided lesion. This does not necessarily mean diat die left hemisphere outperforms die right hemisphere in everydiing by guest on September 13, 2010 brain.oxfordjournals.org Downloaded from that is involved in facial expression analysis, but it does mean that it makes a distinct contribution to the process.
In fact, Etcoff (1984) noted that two of her 12 patients with right hemisphere lesions were impaired at matching facial expressions but were able to match unfamiliar faces. Some of our ex-servicemen in the right hemisphere group also showed this pattern (e.g. J.M.), but they did not have corresponding impairments affecting our expression recognition task. It may therefore be the case that it will be possible in future to achieve further fractionation of impairments affecting the analysis of facial expressions into different basic forms, and relate these to a more detailed model of expression processing.
Although there is strong evidence from our findings pointing toward a selective deficit of facial expression processing, the position is less clear for impairments of familiar face recognition and unfamiliar face matching. Selective impairments of these abilities were noted in the accuracy data, but these were not borne out by examination of response latencies for our cases. The ex-serviceman with a selective familiar face recognition problem in terms of his accuracy data (P.G.) showed prolonged response latencies on all of the face processing tasks which were timed, and the man who, on the accuracy scores, had only been impaired on unfamiliar face matching (S.J.) was slow on both unfamiliar face matching and deciding whether a face looks familiar or not. In both these cases one of the functions in question was disproportionately affected for accuracy, but there were difficulties in other areas that were apparent on response latencies only.
The two cases may be quite different in terms of the underlying impairments. For P.G., it seems that there could be an impairment to a relatively early face processing stage, such as Bruce and Young's (1986) 'structural encoding', and the degraded information then has a knock-on effect on more than one function. In fact, we have some evidence that this is so. P.G. was also one of the ex-servicemen reported in detail by Newcombe et al. (1989) , who noted that he was impaired (in terms of reaction time) at a 'face decision' task which required him to decide whether or not a stimulus was a properly organized face, with eyes, nose and mouth in the correct relative positions. This task was intended as a relatively pure measure of face perception, uncontaminated by memory or matching demands. The fact that P.G. performed poorly on this task (see Newcombe et al., 1989 , table 1; his mean RT was 2220 ms, control mean = 1098 ms, SD = 210 ms) is consistent with an impairment at a relatively early stage of face processing [cf. Bruce and Young's (1986) 'structural encoding']. Interestingly, though, this was not due to impaired basic visual abilities; P.G.'s spatial contrast sensitivity function was normal (see Newcombe et al., 1989, P.G.'s problems may thus reflect impairment to structural encoding, which then impairs all subsequent face processing operations to some extent. There are also two other men (both with right hemisphere lesions) who we have noted as showing quite general impairments which would fit this characterization; R.G. and L.H. (see Appendix 1).
S.J. did not show this impairment of an early stage of face processing. His spatial contrast sensitivity function was normal, but so was his ability to perform the face decision task (mean reaction time = 1366 ms, control mean = 1098 ms, SD = 210 ms). Similarly, in the tasks reported here, it does not seem that there was any general loss of speed in face processing for S.J.; his reaction times for expression analysis were normal. Instead, S.J. was impaired on both speed and accuracy of unfamiliar face matching, but seemed by guest on September 13, 2010 brain.oxfordjournals.org Downloaded from to be able to trade speed for accuracy in familiar face recognition. To some extent, he may also have been trading speed for accuracy in unfamiliar face matching, since his time on the Benton test was noticeably more impaired than his accuracy score.
One way to think about S.J., then, is that he showed intact processing of facial expression, but impaired processing of facial identity, whether this was for unfamiliar faces or familiar faces. We have drawn attention to the point that R.T. (who also has a right hemisphere lesion) shows a comparable overall pattern of impairment on familiar face recognition and unfamiliar face matching, with intact performance for facial expression analysis (see Appendix 1).
We began this study with the assumption that analysis of the face's identity would fractionate into dissociable impairments affecting familiar face recognition and unfamiliar face matching. What we have found for our cases, though, are dissociable impairments for accuracy scores which were not fully borne out when response latencies were also considered. In interpreting this, however, two caveats must be noted. First, whilst a combination of normal accuracy and normal speed can provide strong evidence that a function is well preserved after brain injury, and unusual strategies will often lead to long response times, it is not necessarily the case that long response latencies must indicate defective performance of the ability in question. For example, they might sometimes simply indicate cautiousness created indirectly by other problems arising from the brain injury. We therefore conclude that whilst the combination of normal accuracy and normal speed should be regarded as the desirable ideal, there are many reasons why it might not always be achieved in practice.
A second caveat is that we have only tested a relatively small group of subjects in this study, so our findings do not disprove the possible existence of selective impairments in these two abilities, and we have noted that this finding has often been made in other studies. Hence, we accept that it is possible that these men had suffered impairments that simultaneously compromised two otherwise independent abilities; the strongest neuropsychological evidence always comes from dissociation rather than association of deficits.
In line with this possibility, some other studies have also measured both response time and accuracy and found dissociable deficits; one example is Sergent and Poncet's (1990) demonstration of preserved unfamiliar face matching in a case of prosopagnosia. However, Sergent and Poncet's (1990) patient represents only one-half of the putative double dissociation. It is important that there are such cases, but one might also turn the point round, and argue that it would also be desirable to show that the patients who are poor at unfamiliar face matching and yet can recognize familiar faces also show normal reaction times for familiar face recognition. In our own study, S.J. did not meet this stringent test, but we hope that later reports will be able to demonstrate cases that do meet it. O, P, T, F, refer to lesions involving occipital, parietal, temporal and frontal lobes, respectively; FD = visual field defects: N none, LH left hemianopia, LUQ left upper quadrantanopia, RH right hemianopia, RLQ right lower quadrantanopia; E = epilepsy: N none, S slight; M = severity of motor defects, assessed on 0-3 scale; S = severity of somatosensory defects, assessed on 0-3 scale; A = age in years; MH = Mill Hill Synonyms Test IQ; PM = raw score on Standard Progressive Matrices.
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